INTRODUCTION

The t i t l e t o t h e t a l k t h i s a f t e r n o o n , ItAbiogenic Information
Coupling, o r How P r o t e i n and DNA Were Married", is, indeed, an excerpt from t h e much b r o a d e r s u b j e c t which your p r e s i d e n t r e f e r r e d t o , namely, chemical e v o l u t i o n of l i f e on t h e s u r f a c e of t h e e a r t h , with some specul a t i o n about elsewhere a s well. A c t u a l l y , t h e "elsewhere" p o r t i o n is more t h a n a h o p e f u l a d Edinburgh, June 17, 1968 ** Eastman P r o f e s s o r , Oxford U n i v e r s i t y , Oxford, England, 1967 -1968 Permanent address: Laboratory of Chemical Biodynomics, University of C a l i f o r n i a , Berkeley.
d i t i o n because i t may provide a check on t h e spec u l a t i o n s on t h e o r i g i n of l i f e on t h e s u r f a c e of t h e e a r t h , which i s b v e r y d i f f i c u l t t o o b t a i n i n any o t h e r way. I w i l l n o t t r y t o o u t l i n e t h e whole sequence of events; most of you, I am s u r e , a r e f a m i l i a r with p a r t s of it.-I I w i l l t r y t o pinpoint t h a t p a r t i c u l a r s t e p ( s ) i n t h i s chemical e v o l u t i o n a r y sequence which now seems t o me --and I t h i n k t o some of t h e Fellows h e r e --t o be one *Address t o t h e Royal Society of
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of t h e c r u c i a l s t e p s f o r whose e s s e n t i a l c h a r a c t e r w e have r e a l l y n o t y e t derived any b a s i c concept and which is one of t h e blockades i n t h e
I t h i n k i n g , both of t h e b i o l o g i s t s , on t h e one hand, and t h e mathematicians and philosophers, on t h e o t h e r , i n t r y i n g t o c o n s t r u c t some foundation f o r b e l i e v i n g t h a t t h e o r i g i n of l i f e on t h e s u r f a c e of t h e e a r t h i s a consequence of t h e o p e r a t i o n of t h e laws of physics and chemistry with no need t o c a l l upon o t h e r events than t h o s e i n o r d e r t o understand e v o l u t i o n i n modern s c i e n t i f i c terms.
The p r i n c i p a l a g e n t f o r t h e c o n s t r u c t i o n of l i v i n g m a t e r i a l , both i n t h e m a t e r i a l form and i n t h e way i n which t h e d e s i g n i s t r a n s m i t t e d from one g e n e r a t i o n t o t h e n e x t , r e s i d e s i n two e s c e n t i a l l y l i n e a r polymeric m a t e r i a l s . These a r e two e s s e n t i a l l y one-dimensional molec u l e s --molecules which are s i m i l a r t o t a p e s , o r s t r i n g s , with a s e r i e s
of l e t t e r s along them and which a r e i n f o r m a t i o n a l l y r e l a t e d t o each other. Fig. 1 shows t h e two l i n e a r polymers of n a t u r e , p r o t e i n and n u c l e i c acid.
What I mean by a l i n e a r a r r a y is t h a t t h e s u b s t a n c e ( s ) i s a s i n g l e chain which d i f f e r s o n l y i n p e r i o d i c p o i n t s along t h a t chain, and t h e informa-
).
t i o n i s s t o r e d i n t h e a r r a y of t h o s e p a r t i c u l a r p o i n t s . I n t h e n u c l e i c a c i d chain, t h e l e t t e r s A,C,G and T a r e t h e shorthand l e t t e r s f o r t h e f o u r p r i n c i p a l bases which c o n s t i t u t e t h e composition of t h e n u c l e i c acid--adenine, c y t o s i n e , guanine and thymine. The p r o t e i n , on t h e o t h e r hand,
which i s r e a l l y t h e major a p p a r a t u s of a l i v i n g organisms ( c o n t r o l l i n g , ' i t s f u n c t i o n i n terms of s t r u c t u r e , m a t e r i a l and energy manipulation) a l s o shows a l i n e a r p e r i o d i c d i f f e r e n c e , b u t t h e number of such d i f f e re n t groups which a r e arranged along t h i s p e r i o d i c backbone i s consider: a b l y l a r g e r , of t h e o r d e r of twenty o r more. When t h i s l i n e a r a r r a y UCRL-18658 b of t h c ' t w e n t y d i f f e r e n t u n i t s borne hundreds of u n i t s i n l e n g t h i s f i n a l l y p u t . t o g e t h e r , i t t a k e s on a r a t h e r complex three-dimensional struct u r e dependent upon t h e p a r t i c u l a r l i n e a r array. This permits t h e enormous v a r i e t y of chemical c a p a b i l i t y which t h e s e molecules must have i n o r d e r t o provide t h e necessary f u n c t i o n s f o r l i f e t o proceed, i . e . , manipulation of energy and m a t e r i a l i n a d i r e c t e d way.
The v a r i o u s components of both of t h e s e chains ( p r o t e i n and n u c l e i c 2 -a c i d ) have been c o n s t r u c t e d by abiogenic methods, and we now have every b a s i s f o r b e l i e v i n g t h a t we can envisage a s e r i e s of chemical e v e n t s , beginning w i t h t h e naked e a r t h , which would give rise t o a t l e a s t components of t h o s e l i n e a r a r r a y s .
I would l i k e t o remind you very b r i e f l y of t h e way i n which today's l i v i n g organism makes t h e t r a n s l a t i o n from t h e n u c l e i c a c i d i n t o t h e prot e i n . Most of you have seen t h i s r e p r e s e n t a t i o n a t one time o r another.
The sequence of e v e n t s i s r a t h e r complicated, but one which i s now i n i t s major a s p e c t s f a i r l y w e l l described. Fig. 2 shows t h e p r e s e n t l y o p e r a t i n g coupling system i n l i~i n g organisms --how t h e t r a n s l a t i o n from t h e n u c l e i c a c i d i n t o t h e p r o t e i n is achieved. W e now know t h a t i t t a k e s t h r e e of t h e l e t t e r s ' of t h e DNA chain t o d e s i g n a t e one of t h e R groups on t h e p r o t e i n chain, and t h e mechanism by which t h a t i s done is shown d i a g r a m a t i c a l l y . Some s m a l l segment of t h e desoxynucleic a c i d i n t h e c e l l nucleus is t r a n s c r i b e d onto a rpther kind of n u c l e i c a c i d , which can move o u t o f t h e nucleus i n t o t h e cytoplasm and c a r r y w i t h i t t h e necqssary information from t h e DNA as a small template messenger-
RNA. There, u s i n g t h i s p a r t i c u l a r information f o r a p a r t i c u l a r prot e i n , t h e assembly machinery goes t o work and p u t s t h e p a f t i c u l a f
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b t h e assembly machinery goes t o work and p u t s t h e p a r t i c u l a r amino I I a c i d s , r e p r e s e n t e d i n Fig. 2 by l i n e s of d i f f e r e n t l e n g t h , t o g e t h e r t o & c r e a t e a p r o t e i n . A s i m p l i f i e d r e p r e s e n t a t i o n of t h i s same p r o c e s s is shown below: DNA t r a n s c r i p t i o n m-RNA t r a n s l a t i o n P r o t e i n \ 1 r e p l i c a t i o n C ribosomes k /
W e a c h i e v e c o n s t r u c t i o n of a p a r t i c u l a r p r o t e i n by hanging t h e amino a c i d o n t o a p i e c e of transfer-RNA which h a s i n i t t h e c o r r e c t t r i p l e t code f o r t h a t p a r t i c u l a r amino a c i d . The matching up of t h e t r i p l e t code l e t t e r s of t h e loaded t-RNA w i t h t h e corresponding t r i p l e t on
1 t h e messenger-RNA p u t s t h e amino a c i d s i n t h e r i g h t sequence .' T h i s i s , as you can s e e , a r a t h e r complicated way o f t r a n s l a t i n g t h e i nformation c o n t a i n e d i n one l i n e a r a r r a y i n t o t h e c o n s t r u c t i o n of a n o t h e r l i n e a r a r r a y ,
The q u e s t i o n i s one which was p o i n t e d o u t most e x p l i c i t l y j u s t 3 r e c e n t l y by P r o f e s s o r C. He Waddington i n Edinburgh: -How could t h i s i r e l a t i o n s h i p , which is a v e r y complex one, have a r i s e n i n t h e f i r s t which i s p r e s e n t i n t h i s developed form i n a l l l i v i n g c e l l s today? You can s e e t h a t t h e r e i s a v e r y s p e c i a l p r o p e r t y i n t h e t-hYA; i t i s t h e I i molecule t h a t r e l a t e s a p a r t i c u l a r code l e t t e r w i t h a p a r t i c u l a r amino How can we chemically "grow" t h e s e u n i t s i n t o l i n e a r a r r a y s of n u c l e i c a c i d . a n d p r o t e i n ? Fig. 3 i s a n example of t h e kind o f proc e s s e s t h a t had t o be developed t o g e n e r a t e t h e macromolecules. It is used. Table 1 shows t h e r e s u l t s of such a condensation s t a r t i n g w i t h two moles of a s p a r t i c a c i d , one mole of glutamic a c i d and t h r e e 7 moles of a m i x t u r e of a l l o t h e r amino a c i d s i n e q u a l amounts.- 
When t h a t m i x t u r e i s h e a t e d a t 100°C f o r 150 h o u r s , t h e r e i s c r e a t e d a poly-. p e p t i d e t h a t i s i s o l a t e d from such a r e a c t i o n mixture and which does n o t have t h e composition w i t h which t h e m i x t u r e s t a r t e d .
YOU w i l l , n o t e 1 ' . t h a t t h e r e a c t i o n s t a r t e d w i t h a s p a r t i c a c i d (30%), 15% g l u t a m i c a c i d and 55% a l l o t h e r amino a c i d s , and t h e product is 52% a s p a r t i c a c i d , 13% g l u t a m i c a c i d , 7% of t h e b a s i c amino a c i d s and o n l y 27.8% of t h e remaining a c i d s . This shows a r a t h e r widespread d i f f e r e n c e betweeh t h e e a s e w i t h which t h e s e d i f f e r e n t amino a c i d s g e t i n . Th u r p o s c of Table 1 is t o show t h a t even when s u c h -
t a i n s e l e c t i v i t y , o r o r d e r , of amino a c i d s t h a t one g e t s i n t h i s c o l l e c t i o n and i t i s n o t random o r d e r .
If we d e v i s e more s e n s i t i v e , d e l i c a t e methods of hooking t h e amino a c i d s t o g e t h e r i n o m i x t u r e , w e f i n d t h a t t h i s . s e l e c t i v i t y can become even g r e a t e r . Since t h i s c o n d i t i o n of h e a t i n g may n o t have been a l i k e l y environment f o r t h r i m i t i v e e a r t h , we undertook t o + f i n d more l i k e l y c o n d i t i o n s i n w a t e r s o l u t i o n s . Here we made u s e of t h e m u l t i p l e bonded carbon-nitrogen compounds which s t o r e a good b i t of t h e e l e c t r i c a l , or u l t r a v i o l e t , energy t h a t i s thrown i n t o t h e p r i m i t i v e atmosphere and c r e a t e s them. One can u s e t h i s m u l t i p l e bond between carbon and n i t r o g e n t o e x t r a c t t h e w a t e r between t h e
& v a r i o u s components of t h e m i x t u r e w i t h which we a r e d e a l i n g .
Fig. 5 shows how HCN c o u l d b e used f o r t h i s purpose (hooking t o g e t h e r two amino a c i d s t o form t h e p e p t i d e w h i l e t h e w a t e r is taken o u t a s l a f o n n a m i d e ) T To accomplish t h e s e r e a c t i o n s we now u s e cyanide d e r i v a -, t i v e s which a r e found i n t h e p r i m i t i v e d i s c h a r g e s and which a r e r e l at e d t o ohe of t h e p r i n c i p a l r e a g e n t s which chemists u s e t o hook tog e t h e r amino a c i d s and o t h e r dehydration c o n d e n s a t i o n s , even i n aqueous
, 2 .
medium. a t a c o n s t a n t r a t e , showing t h e c r e a t i o n of some of t h e s e m a t e r i a l s . 
.
Fig. 6 demonstrates t h e u s e of cyanamide i n dehydration condensation r e a c t i o n s of t h i s t y p e , through t h e carbodiimide s t r u c -t u r e produced by tautomerism. This is t h e fundamental s t r u c t u r e which h a s t b e e n u s e d . t o connect amino a c i d s and o t h e r compounds i n dehydra-
SELECTIVITY BY GROWING POINT I a l s o want t o b r i n g t o your a t t e n t i o n t h e f a c t t h a t t h e r e i s a s e l e c t i v i t y p o s s i b l e i n t h i s t y p e of r e a c t i o n as w e l l . The way t h e s e l e c t i v i t y w a s determined is a s follows. I n s t e a d of mixing two amino a c i d s , adding t h e condensing a g e n t and a l l o w i n g t h e amino a c i d s t o b e hooked t o g e t h e r and t h e n examining t h e r e a c t i o n m i x t u r e t o d e t e r -
i s hooked t o t h e w a l l , s o t o speak, and t h e n t e s t e d w i t h a s e r i e s o f o t h e r s t o s e e how f a s t t h e y would hook o n t o b t h e t a i l t h a t was hanging l o o s e . T h i s gave a whole s e r i e s of c o u p l i n g r a t e c o n s t a n t s of one amino a c i d ( t h e one hung t o t h e w a l l ) w i t h t h e o t h e r s c o u p l i q g t o i t i n a s p e c i f i c way. We t h e n b e g~n t o s e e a s p e c if i c i t y i n t h e c o u p l i n g r e a c t i o n . We s u s p e c t e d i t should b e t h e r e , and.
t h e n i t was a c t u a l l y found. Table 2 shows some of t h e s e l e c t i -10 v i t y t h a t was f o u n d 7
Using t h e r a t e of c o u p l i n g of g l y c i n e onto g l y c i n e as u n i t y ( t h e norm) t h e r a t e of c o u p l i n g of g l y c i n e t o a l a n i n e , of a l a n i n e t o a l a n i n e , e t c . , i s e x p r e s s e d r e l a t i v e t o i t . You can s e e t h e r e i s a widespread d i f f e r e n c e ( a f a c t o r of 1 0 ) i n t h e r a t e s , t h e f I t h e s i d e chains of t h e c o n s t i t u e n t residues. Gly = g l y c i n e ; Ala -1, a l a n i n e ; va1 -v a l i n e ; Leu -l e u c i n e ; I l e = i s o l e u c i n e ; Phe-phenyli p h e n y l a l a n i n e t o g l y c i n e b e i n g t h e slowest shown. I n f a c t , phenyla l a n i n e -p h e n y l a l a n i n e was s o slow t h a t t h e r a t e s could n o t be i n c l u ded on t h e t a b l e . You can s e e , t h e r e f o r e , t h a t t h e r e is t h i s kind of I a E s p e c i f i c i t y between t h e . a m i n o a c i d s . We can t h e n ask: Is t h e r e any s i g n t h a t tlie same t y p e of s p e c i f i c i t y h a s any i n f l u e n c e on t h e s t r u c t u r e of n a t u r a l p r o t e i n s ? .
W e t h e n l o o k f o r t h e frequency of o c c u r r e n c e of t h o s e couplings
( g l y c i e e -g l y c i n e , glycine-phenylalanine, e t c . ) i n n a t u r a l p r o t e i n s .
Using t h e r e f e r e n c e work e n t i t l e d t h e "Atlas of P r o t e i n ~t r u c t u r e " p u b l i s h e d y e a r l y , -"11 one can count t h e c o u p l i n g s ( d o u b l e t ) i n t h e n a t u r a l l y -o c c u r r i n g p r o t e i n s and r e l a t e them a l l t o t h e common one,
I
f o r t h e g l y c i n e -g l y c i n e .
Y o u w i l l s e e i n t h e t a b u l a t i o n t h a t t h e e x p e r i m e n t a l d o u b l e t s a r e a c t u a l l y i n t h e r i g h t o r d e r (taken from t h e 1966-1967 "Atlas") w i t h r e s p e c t t o t h e n a t u r a l l y -o c c u r r i n g couplings. T h i s l e n t s u p p o r t t o t h e n o t i o n t h a t sequences t h a t we now f i n d
i n p r o t e i n may have some remnants l e f t i n them of what were t h e o r i -I g i n a l sequences which were p u t #n, n o t by t h DNA mechanism, which we 
REPLICATION METHODS
There s h o u l d be some way of r e p l i c a t i n g a p a r t i c u l a r scqeunce, and t complex r e s u l t i n g therefrom. T h i s complex c a n l t h e n r e a c t w i t h a n o t h e r p e p t i d e , and make a v e r y f a s t c a t a l y z e d r e a c t i o n compared t o t h e u n c a t a l y z e d slow r e a c t i o n w i t h which t h e sequence began.
The i n i t i a l e q u i l i b r i u m is slow compared t o t h e c a t a l y z e d r e a c t i o n , 1 2 and a l l t h e m a t e r i a l w i l l go i n t h e i n i t i a l l y c a t a l y z e d direction.-UCRL-18658 i n slow e q u i l . 
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Thus, whichever series'starts f i r s t w i l l d e t e r m i n e t h e o p t i c a l c h a r a c t e r 1 3 o f both t h e l i b e r a t e d a c i d and t h e remaining p e p t i d e . -Once you g e t t h e D-cobalt complex, o n l y t h e D complex w i l l continue; t h i s i s an o p t i~a l s e l e c t i v i t y which i s even a h i g h e r d e g r e e of s e l e c t i v i t y L , t h a n amino a c i d s e l e c t i v i t y i t e e l f . The n a t u r e of t h e R-group w i l l , s u r e l y e f f e c t t h e r a t e of t h i s r e a c t i o n . T h i s i s simply a method f o r b r e a k i n g o f f a p e p t i d e link,: somewhere n e a r t h e end and one can u s e t h a t nethod t o make a crude kind of coding r e p l i c a t i o n which does n o t t i n v o l v e t h e present-day n u c l c i c ' a c i d sequencing. Below i s shown a model system, i n which t h e l e t t e r s A , B ,C,D,X,Y ,Z r e p r e s e n t p a r t i c u l a r p e p t i d e l i n k s . Let us suppose t h a t one p a r t i c u l a r end has some s p e c i f i c amino a c i d s , o n t o which t h e c o b a l t can b e a t t a c h e d , and t h a t t h e bound
I I H2N -A -B -COZH + H2N -C -D -E ---------X -Y -Z ! i , c
o n t i n u e d growth
as b e f o r e i I would which, obviously i s n o t v e r y "hl f i t ' . What you/get t h e n e x t time you
I i p u t t h e m a t e r i a l t h r o u g h t h e "growth" p r o c e s s w i l l n o t b e i d e n t i c a l b w i t h what you s t a r t e d w i t h ; i t~i l l merely resemble i t t o a degree, depending upon t h e c o n d i t i o n s o f t h e environment and t h e raw m a t e r i a l s which a r e a v a i l a b l e . There i s a c e r t a i n p r o b a b i l i t y of s p e c i f i c r e p l ic a t i o n of p e p t i d e . Keep i n mind, now, t h a t t h e p e p t i d e h a s all of -t h e c a t a l y t i c c a p a c i t y because of i t s a b i l i t y t o have t h e enormous v a r i e t y of s t r u c t u r e , even though i t does n o t have a v e r y good r c p l ic a t i n g c a p a c i t y . W e have g e n e r a t e d h e r e a scheme f o r making a whole more o r l e s s s e t o f / p n r t i c u l a r polypcptidr? t l t r u c t u r c ?~ and ro8cncr;itinf; tl~cm, i n (1 c r u d e and n o t v e r y " h i f i " manner. N e v e r t h e l e s s , i t is a p r o t e i n r e p l ic a t i o n system which does n o t i n v o l v e t h e n u c l e i c a c i d s .
What about t h e n u c l e i c a c i d system? Can w e g e n e r a t e t h e sequences t h e r e as w e l l ? W e can g e n e r a t e p o l y n u c l e o t i d e s even more e a s i l y by e x a c t l y t h e same t y p e s of r e a c t i o n s t h a t were used f o r t h e polypept i d e s --t h e same dchydrntion condensation r e a c t i o n can b e used.
k i n d s o f Three d i f f c r e n t [ d e h y d r a t i o n condensations a r e r e q u i r e d t o g e n e r a t e a p o l y n u c l e o t i d e , and t h e same molecules (cyanamide, dicyanarnide, polyphosphate) a s mentioned b e f o r e can b e expected t o do i t . Here, a l s o , t h e r e should b e some s e l e c t i v i t y between t h e f o u r d i f f e r e n t b a s e s , b u t t h e a c t u a l experiments have n o t y e t been done. T h e r e f o r e , I cannon-ternplated n o t s a y x h e t h e r t h e r e is much of a s e l e c t i v i t y i n t h e p u r e l y chemical / sequencing o f t h e d i f f e r e n t n u c l e i c a c i d components, although I s u s p e c t t h e r e w i l l b e a s l i g h t s e l e c t i v i t y a p p a r e n t i n t h i s a s w e l l as i n t h e p e p t i d e s . If you s t a r t w i t h a random m i x t u r e of A,C,T and G, and even i f you d i d n o t have b a s e -p a i r i n g b u t s i m p l i n g t h e coupling mechanism,
t h e r e s u l t i n g polymer would probably n o t b e completely random b u t 
I , sonesequences would b e more f a~r c d t h a n o t h e r s and you would, g e t some k i n d of s e l e c t i v i t y i n much t h e s ' k e a a y as with t h e p o l y p e p t i d e s .
The r e p l i c a t i o n experiments on t h e p o l j m u c l e o t i d e s have been done r e p e a t e d l y and i n s e v e r a l d i f f e r e n t ways. I n c o n t r a s t t o t h e polypept i d e t h i s n u c l e i c a c i d r e p l i c a t i o n i s a very
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n c r i z a t i o n bccnusc of t h o u r i d i n c base-palring with This shows t h a t i n t h e p r e s e n c e of poly-
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e l e g a n t experiment by Naylor used carbodiimide as a condensing agent. -
Fig. 9 shows t h e r e s u l t s o f t h a t experiment i n which he demonstrated i s e l e c t i v e and " h i f i n f o r t h e n b c l e i c a c i d and i t s f i d e l i t y h a s been , I demonstrated i n t h e test t u b e w i t h o u t t h e u s e of b i o l o g i c a l a g e n t s . W e t h u s have two systems, s e p a r a t e l y devised. The f i r s t i s t h e i t l i n e a r p o l y p e p t i d e system which has i n i t t h e m u l t i c a t a l y t i c c a p a c i t y f t h a t we need. By a r r a n g i n g t h e p o l y p e p t i d e s i n a v a r i e t y of o r d e r s
and s h a p p i t i s q u i t e c l e a r t h a t we can produce almost any c a t a l y t i c f u n c t i o n t h a t a l i v i n g organism might r e q u i r e . The f i d e l i t y of t h e ! r e p l i c a t i o n of t h e l i n e a r p o l y p e p t i d e system i s , however, v e r y poor. 
I t is a s t a t i s t i c a l r e p l i c a t i o n , depnnding upon t h e s e l e c t i v i t y of
t h e growing p o i n t %and perhaps of some amino t h e growing p o i n t and t h e a v a i l a b i l i t y of r , a c i d s f u r t h e r back from aw m a t e r i a l s . The second system, t h a t o f t h e p o l y n u c l e o t i d e s , is a v e r y e f f i c i e n t and r e l i a b l e r e p l i c a t i n g system, b u t i t has no o t h e r f u n c t i o n . It does have t h e high f i d e l i t y r e p l i c a b i l i t y t h a t is n o t p r e s e n t i n t h e p o l y p e p t i d e s .
It i s q u i t e c l e a r t h a t t h e s e l e c t i v e advantage of c o u p l i n g t h e s e ' two q u a l i t i e s --t h e c a t a l y t i c q u a l i t y of t h e p r o t e i n and t h e r e p l i c a ti n g f i d e l i t y of t h e n u c l e i c a c i d --i s what h a s t o b e achieved i n orand improvement ( c v o l u t i o n ) d e r t o g i v e r i s e t o t h e s t & i l i t y / o f energy and m a t e r i a l p r o c e s s i n g systems a g a i n s t t h e t h e r m a l d i s r u p t i v e f o r c e s of entropy; a s t a b i l i t y w i t h which w e c h a r a c t e r i z e a l i v i n g t h i n g . MODEL EXPERIMENTS OF COUPLING REACTIONS
There are v a r i o u s ways i n t h i c h t h i s k i n d of i n f o r m a t i o n s t o r a g e
and t r a n s l a t i o n c o u p l i n g h a s been sought. Not any o f them y e t have been v e r y s a t i s f a c t o r y ( a t l e a s t n o t t o my mind), and one c a n~i m a g i n e a v a r i e t y o f physical-chemical systems which would have some of t h e s e p r o p e r t i e s , p a r t i c u l a r l y phase boundaries, s u r f a c e s , c l a y p a r t i c l e s , . e t c . U n f o r t u n a t e l y , t h e r e have been no e x p e r i m e n t a l t e s t s o f most 1 7 of t h e s e t h e o r e t i c a l suggcstione.-What I am going t o do h e r e i s t o say t h a t we have o u r s e l v e s thought of one way of coupling t h e s e two d i f f e r e n t t y p e s of r e a c t i o n s --i n o t h e r words, we have t a k e n t h e n e x t s t e p a n d , h a v e done an experiment t o t e s t t h e v i a b i l i t y of t h e n o t i o n a s a s t e p i n t h e e v o l u t i o n of t h e coupled systems.
I f you r e c a l l , I used t h e same kind of an i d e a i n g e n e r a t i n g b o t h of t h e s e l i n e a r sequences i n d e p e n d e n t l y , namely, a t y p e of "growing p o i n t " c o n t r o l .
I n o f h e r words, t h e shape and form of t h e growing 
i d . Somewhere i n t h a t n u c l e i c a c i d t h e r e i s a s p e c i f i c a r r a y of b a s e s which i s c h a r a c t e r i z e d as belonging t o t h a t p a r t i c u l a r amino a c i d , When we l o o k a t a l l of t h e c a r r i e r , o r transfer-RNA's,
which c a r r y t h e amino a c i d o v e r from t h e f r e e s t a t e i n t o t h e assembly machinery, we f i n d t h a t they end i n t h e same t h r e e b a s e s , -C-C-A. a c i d s i n t h e t-RNA analogy. That i s e x a c t l y t h e scudy we have begun.
It o c c u r r e d t o u s that$erhaps t h i s was a n important c l u e . Perhaps t h e f a c t t h a t a l l of t h e t-RNA
, i .
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The s i m p l e~t~e x p e r i m e n t was t o make a model s u b s t a n c e t o repres e n t t h e t-RNA and p u t a d e n i n e on t h e end of i t . We t h e r e f o r e used t h e way of coupling, u s i n g . t h e carbbdiimide, which I mentioned e a r l i e r . . , .. W e h e r e are u s i n g t h e carbobenzoxyamino-protected p h e n y l a l a n i n e (Z-
Phe) t o g e t t h e d e s i r e d product.
Remember t h a t I mentioned t h a t we were going t o t r y d i f f e r e n t b a s e s on t h e r e s i n a s models f o r t h e transfer-RNA.
So f a r we have o n l y done two, w i t h o n e b a s e each time. W e have t r i e d t o c o u p l e phenyla l a n i n c and g l y c i n e t o t h e s e b a s e s , w i t h t h e r e s u l t s shown i n Table 3 . 
Adenine
Cytosine P h e n y l a l a n i n e 6.7 2.9
Glycine 10.0 6.5 Q u i t e c l e a r l y , a d e n i n e i s a b e t t e r a c c e p t o r t h a n c y t o s i n e which i s t h e f i r s t r e s u l t of t h i s experiment and which might .have: been expected.
Furthermore, g l y c i n e goes o n t o t h e resin-bound n u c l e o r i d e more r e a d i l y t h a n p h e n y l a l a n i n e , which i s a l s o n o t unexpected. This i s a degree of s e l e c t i v i t y , which i s what w e a r e seeking, i n t h e coupling of t h e amino
c i d t o t h e base.19
It is t h e beginning of t h e t r a n s l a t i o n p r o c e s s , r e a l l y . Remember, t h e r e a r e no enzymes p r e s e n t i n t h i s t y p e of experiment (no b i o l o g i c a l m a t e r i a l , i.e., no bacterium, no v i r u s p a r t i c l e , n o e x t r a c t of a y e a s t , e t c . ) t o " t e l l " t h e p h e n y l a l a n i n e i t should go on t h e adenine i n s t e a d of t h e c y t o s i n e . This i s a p u r e l y "chemical" t r a n sl a t i o n . There i s a s e l e c t i v i t y i n o p e r a t i n g i n t h i s kind of a chemical t r a n s l a t i o n process. Q u i t e obviously, when w e have a d o u b l e t b a s e , C-A, s we may e x p e c t a d i f f e r e n t d e g r e e o f s e l e c t i v i t y t h a n we do w i t h A alone.
The s e l e c t i v i t i e s w i l l change, and as we make a d o u b l e t , t r i p l e t , / a n d f u r t h e r on back, i t i s c o n c e i v a b l e t h a t we can e l u c i d a t e t h e c o n t r o l l i n g s t r u c t u r e which determines what hangs on t h e end and where i t l i e s w i t h r e s p e c t t o t h e end. As t h i s work develops, I b e l i e v e t h e r e w i l l be c c r t a i n p a r t s of t h e molccule t h a t rcach back t o t h e growfng end which w i l l h e l p determine t h e sequence of e v e n t s t h e r e . We w i l l t h e n have a h i g h d e g r e e of s e l e c t i v i t y which w i l l a c t u a l l y be determined n o t merely by t h e growing end b u t by something q u i t e f a r removed from t h a t end. 
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